ABSTRACT
INTRODUCTION
Cocoyam (Xanthosoma sagittifolium) is a tuber crop produced mainly in Africa (60%) and Asia (40%), with minor quantities in the Caribbean and Oceania (FAO, 1991) . It is cultivated for human nutrition and cash income to the farmers. As food for human consumption, the nutritional value of the various parts of cocoyam is primarily caloric (Davies et al., 2008) . The underground corm and cormel provide easily digested starch and the leaves are nutritious spinach-like vegetable which gave a lot of mineral, vitamin and thiamine (Sefa-Dedeh and Kofi-Agyir, 2002) . Cocoyams have 1.12% and 1.55% protein for taro and tannia, respectively, which is higher than most other tropical root crops (Kay, 1987) . It contains 20 -28% starch and the starch is more digestible than other starch crops (Bradbury, 1988; Onayemi and Nwigwe, 1987) . Cocoyam has the potential of putting an end to food insecurity in Nigeria.
However, the average global yield is only 6 t/ha (Onwueme, 1991) . Due to physical and chemical limitations of the soil in tropical Africa, cocoyam cannot attain its potential yield and benefits. Cocoyam requires fertile soils for optimum performance and yield and these soils are declining in Nigeria. There is, therefore, a compelling need to study soil conditions conducive to cocoyam production. These soil conditions may be influenced by tillage and manuring.
Tillage operations are known to influence soil nutrients conservation and release. This information for cocoyam is hitherto lacking in southwest Nigeria as there have not been researches comparing the traditional tillage methods with mechanised tillage as it affects cocoyam production. Few studies carried out in Nigeria and other tropical countries produced inconclusive and controversial results under different tillage practices compared (Hulugalle et al., 1985) . Moreso, tillage studies in Nigeria on cocoyam are concentrated on Ultisol of southeast Nigeria Hulugalle et al., 1985) .
Organic manure (in form of poultry manure) is known to be effective in the maintenance of adequate supply of organic matter into the soil and enhanced crop performance . The effect of different organic manures especially poultry manure on the actual yield of cocoyam had not been properly documented. Information on this is necessary because farmers rarely use chemical fertilizers due to its scarcity and high cost. There is therefore the need to develop affordable and sustainable soil management package for cocoyam production. This could be the integration of tillage with poultry manure. Studies on the relative effect of tillage cum poultry manure applications on soil properties and cocoyam yield is scarce. Nyakatawa et al. (2001) has reported that it is possible to increase yield of crops on degraded soils by using organic manure for soil fertility improvement after adopting appropriate tillage method. This study is to assess the impact of tillage and poultry manure on the leaf nutrient concentration, growth and corm yield of cocoyam on an Alfisol of southwest Nigeria is expected to provide information on soil management requirement of cocoyam.
MATERIALS AND METHODS

Site Description
Field experiments were conducted at two locations (sites A and B) at Owo, Ondo state, Nigeria in 2007 , 2008 cropping seasons. Owo is located on latitude 7 0 12'N, longitude 5 0 32'E within the forest-savanna transition zone of southwest Nigeria. The soil at Owo belongs to the broad group Alfisol classified as Oxic Tropludalf or Luvisol (FAO, 1998) .
Field Experiment and treatments
The experiment each year consisted of 5x5 factorial combinations of five tillage methods: manual clearing (MC), manual ridging (MR), manual mounding (MM), ploughing plus harrowing (P+H) and ploughing plus harrowing twice (P+2H) and five poultry manure levels: 0, 2.5, 5.0, 7.5 and 10.0 t/ha. The 25 treatments were arranged in a randomized complete block design and replicated three times. The treatments compared at the two locations were:(a) manual clearing only (MCO): manual clearing with cutlass and weeds removed from the plots before planting without application of poultry manure, (b) manual clearing with application of 2.5 t/ha poultry manure (MC+2.5 PM), (c) manual clearing with application of 5.0 t/ha poultry manure (MC+5.0 PM), (d) manual clearing with application of 7.5 t/ha poultry manure (MC+7.5 PM), (e) manual clearing with application of 10.0 t/ha poultry manure (MC+10.0 PM), (f) manual ridging only (MRO): manual ridge construction with hoe after manual clearing with cutlass and weeds removed from the plots without application of poultry manure, (g) manual ridging with application of 2.5 t/ha poultry manure (MR+2.5 PM), (h) manual ridging with application of 5.0 t/ha poultry manure (MR+5.0 PM), (i) manual ridging with application of 7.5 t/ha poultry manure (MR+7.5 PM), (j) manual ridging with application of 10.0 t/ha poultry manure (MR+10.0 PM), (k) manual mounding only (MMO): manual mound construction with hoe after manual clearing with cutlass and weeds removed from plots without application of poultry manure, (l) manual mounding with application of 2.5 t/ha poultry manure (MM+2.5 PM), (m) manual mounding with application of 5.0 t/ha poultry manure (MM+5.0PM), (n) manual mounding with application of 7.5 t/ha poultry manure (MM+7.5 PM), (o) manual mounding with application of 10.0 t/ha poultry manure(MM+10.0 PM), (p) ploughing plus harrowing only (P+HO): ploughing to 15 cm soil depth with a tractor mounted disc plough followed by harrowing with a tractor mounted disc harrow without application of poultry manure, (q) ploughing plus harrowing with application of 2.5 t/ha poultry manure (P+H+2.5PM), (r) ploughing plus harrowing with application of 5.0 t/ha poultry manure (P+H+5.0 PM), (s) ploughing plus harrowing with application of 7.5 t/ha poultry manure (P+H+7.5 PM), (t) ploughing plus harrowing with application of 10.0 t/ha poultry manure (P+H+10.0 PM), (u) ploughing plus harrowing twice only (P+2HO); ploughing to 15 cm soil depth with a tractor mounted disc plough followed by two passes of harrow with tractor mounted disc harrow without application of poultry manure, (v) ploughing plus harrowing twice with application of 2.5 t/ha poultry manure (P+2H+2.5 PM), (w) ploughing plus harrowing twice with application of 5.0 t/ha poultry manure (P+2H+5.0 PM), (x) ploughing plus harrowing twice with application of 7.5 t/ha poultry manure (P+2H+7.5 PM) and (y) ploughing plus harrowing twice with application of 10.0 t/ha poultry manure (P+2H+10.0 PM).
Crop establishment
The experimental plot size in each trial was 12 m x 10 m. Tillage treatments were carried out in April each year. Cocoyam (Xanthosoma sagittifolium cv. Owo local) cormels weighing about 150 g were planted. One cocoyam cormel was planted per hole at a spacing of 1 m x 1 m which gave a plant population of 10,000 plants/ha. Poultry manure was applied 3 weeks after planting by ring method at the rate of 0.0, 2.5, 5.0, 7.5, and 10.0 t/ha. Weeding was done manually twice at 45 and 110 days after planting. The same treatment method was used on each plot for the 3 years of the experiment.
Soil sampling and analysis
Prior to the commencement of the experiment in 2007, soil samples were taken from 0 to 15 cm depths of a pit located at each site. The samples were put in an oven set at 100 0 C for 24 h for determination of bulk density. Total porosity was calculated from bulk density using particle density of 2.65 g/cm 3 . The soil samples were also bulked, air-dried and sieved using a 2 mm sieve and analysed for particle size, soil organic matter, total N, P, K, Ca, Mg and pH. Samples were analysed as described by Carter (1993) . Particle size analysis was done using hydrometer method (Sheldrick and Hand Wang, 1993) . The organic matter was determined by the procedure of Walkley and Black using the dichromate wet oxidation method (Nelson and Sommer, 1996) . Total N was determined by micro-Kjeldahl digestion method (Bremner, 1996) , available P was determined by Bray-1 extraction followed by molybdenum blue colorimetry (Frank et al., 1998) . Exchangeable K, Ca and Mg were extracted using ammonium acetate, K level was determined using a flame photometer, and Ca and Mg by the EDTA titration method.
Leaf analysis
In 2008 and 2009, 2 to 3 week old cocoyam leaves were collected at 168 days after planting from five plants per plot for chemical analyses (Hulugalle et al., 1985) . Leaf samples were oven dried for 24h at 70 0 C and ground in a Willey-mill. Leaf N was determined by micro-Kjeldahl digestion method. Samples were dry-ashed at 500 0 C for 6 h in a furnace and extracted using nitricperchloric-sulphuric acid mixture for determination of P, K, Ca, and Mg (Tel and Hagarty, 1984) . Leaf P was determined using vanadomolybdatecolorimetry method, K was determined by the EDTA titration method (AOAC, 1997).
Determination of growth and yield parameters
Ten plants were selected per plot for determination of plant height and leaf area at 168 days after planting when the cocoyam plant reached its peak growth (Ndon et al., 2003) . Plant height was measured by meter rule and leaf area by graphical method (Ndon et al., 2003) . The corm yield was determined by harvesting ten cocoyam plants per plot and weighing on a top loading balance to determine their fresh weights
Statistical analysis
Data collected from each experiment were subjected to analysis of variance (ANOVA), using SPSS 15.0 and Microsoft Office Excel 2007 packages, and treatment means were compared using the Duncan's multiple range test (DMRT) at p =0.05 probability level.
RESULTS AND DISCUSSION
Soil physical and chemical properties before experimentation
The data in Table 1 show the result of the two sites before experimentation in 2007.The soils at both sites were sandyloam in texture. The soils were generally low in essential nutrients except Mg which was adequate (Akinrinde and Obigbesan, 2000) . The bulk density of the two sites was also high. Table 2 Table 2 .
Effect of tillage methods on leaf nutrient concentration of cocoyam
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Effect of poultry manure on leaf nutrient concentration of cocoyam
The effect of poultry manure on the leaf nutrient concentration of cocoyam in 2008 and 2009 cropping seasons are shown in Table 3 . Irrespective of tillage method employed, leaf N and P concentrations increased with level of manure up to 10 t/ha in 2008 and 2009 at both sites of study. Leaf K, Ca, and Mg tended to increase up to 7.5 t/ha manure. This could be due to nutrient imbalance after the 7.5 t/ha poultry manure. Manure application in excess of crop requirement can cause a significant build-up of N and P (Eghball, 2002) which can cause nutrient imbalance and thereby prevent uptake of certain nutrients (Obi and Akinsola, 1995) . The mean data for the two sites and three years showed that MC, MR, MM, P+H and P+2H had values of 54, 58, 57, 63 and 49 respectively for plant height; leaf area values per plant were 119, 140, 138, 157 and 113 cm 2 and values for corm yield per hectare were 6.5, 7.0, 6.9, 7.4 and 6.1 t/ha. Therefore, non -tillage (MC) and intensive tillage (P+2H),with triple passes of implement lowered crop performance relative to reduced tillage (MR, MM) and conventional tillage (P+H), with conventional tillage giving the highest mean plant height, leaf area and corm yield for the three years of study. Reduced tillage methods (MR, MM) clearly gave higher cocoyam growth and yield compared with MC and P+2H. This could be due to their more compact soil and associated high bulk density (Adekiya and Ojeniyi, 2011) which reduced root growth and nutrient uptake especially in 2009 in case of P+2H (Table 2 ). Also soil density is known to limit tuber growth in crops such as cassava, yam and sweet potato (Agbede and Ojeniyi, 2003; Agbede and Adekiya, 2009; Agbede, 2008) .
Mechanised tillage involving three passes of implement compact the soil and reduces porosity (Adekiya and Ojeniyi, 2011) . The moderate and manual tillage methods such as MM, MR and P+H is therefore recommended for cocoyam especially on initially compact soil with bulk density not less than 1.55 g/cm 3 (Adekiya, 2014 Table 4 shows the mean of the combination of tillage methods and levels of poultry manure on the growth and corm yield of cocoyam in 2007 , 2008 . In 2007 , the P+H+7.5PM gave the highest values of plant height, leaf area and corm yield. However, in 2009 the MC+7.5PM gave highest value. Generally the unmanured MC, P+H and P+2H had least values of the parameters. The mean data for the three years show that the P+H+7.5PM had highest value of corm yield (10.2 t/ha), while the unmanured P+2H had least value of 6.1 t/ha. Relative to P+2H, the P+H+7.5 PM increased corm yield by 69%. Therefore in order to maximise performance of cocoyam, combination of conventional tillage with poultry manure at 7.5 t/ha is recommended. The superior effect of P+H+7.5PM can be adduced to combination of attributes of lower soil density (adduced to reduced tillage) and maximum availability of nutrients especially as organic matter, N, P and K are concerned. Tuber crops such as yam and sweet potato are sensitive to raised soil bulk density which reduces their tuber expansion (Agbede, 2006; Agbede and Adekiya, 2009 ). Hence they require reduce tillage (Adekiya and Ojeniyi, 2011) . Yield and nutrients content of tuber crops such as cassava, yam and sweet potato were found to improve significantly in response to application of poultry manure (Odedina et al., 2010; Adeleye et al., 2010; Lawal et al., 2010) . The manure is an effective source of nutrients to crops and had balanced nutritional and residual effect compared with chemical fertilizer (Ayeni et al., 2010; Akanni and Ojeniyi, 2007) . Poultry manure also improves physical properties and has mulching effect (Akanni and Ojeniyi, 2007) . 
Effect of tillage and poultry manure on the growth and corm yield of cocoyam
CONCLUSION
For maximum soil and cocoyam productivity, the combination of conventional tillage (P+H) with 7.5 t/ha poultry manure is recommended
